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I. Summary

Since I July, 1976, the Wyoming Infrared Group has been under contract

by Air Force Geophysical Laboratories (AFGL contract #F19628-76-C-0271)

to conduct a continuing series of ground based infrared measurements of

selected sources from the AFGL Infrared Catalog (Price and Walker, 1977).

The data acquired during the past three years form a promising base

upon which to build a statistically complete analysis of the infrared

objects populating our galaxy. It is clear that additional measurements

are required to complete this task. Wyoming observations have also pro-

vided insight into the nature of new, and in some cases bizarre, classes

of infrared sources which were discovered by the AFGL infrared survey.

Many of these objects appear to represent important phases in the ongoing

process of steller birth and death. Further ground based studies of these

sources can be expected to clarify their role in the timeless scenario of

stellar evolution.

We summarize in section II the accomplishments made under contract

AFGL F19628-76-C-0271. The Appendices contain listings of data acquired

during this program and reprints of publications that have resulted to

date.
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II. Accomplishments During the Past Three Years

During the contract period, measurements of AFGL sources were made with

Ga - Ge bolometer photometers constructed with AFGL funds. These photometers

respond at effective wavelengths of 2.3, 3.6, 4.9, 8.7, 10, 11.4, 12.6, 19.5,

and 23vi and are equipped with helium cooled aperture wheels. Observations

were obtained using the KPNO 50" telescope, the UM-UCSD 60" telescope and

(since November, 1977) the 92" Wyoming Infrared Telescope. About 30% ot the

clear time available at the Wyoming Infrared Observatory (WIRO) was used in

support of measurements for AFGL. AFGL funds supported, in part, the

construction of the data acquisition electronics hardware for the Wyoming

Telescope.

About half of the 1000 AFGL sources in the Wyoming Right Ascension zone

(20m - 40
m ) and accessible F -,i ilave .i.;r been searched for at 5, 10,

or 20,i without confirmation or have been located and measured from 2.3 - 23;.

These data have led to several interesting results.

A. Completeness of the AFGL Catalog and tile Composition of the Infrared Sky

The data sample acquired to date allows us to form some preliminary

conclusions regarding the completeness of the AFGL Infrared Catalog and the

infrared composition of the sky.

Cross-correlation of ground based magnitudes and AFGL magnitudes using

our limited sample suggests that the AFGL catalog is complete to [4i1] = +1.3,

[11p] = -1.5, and [20w] = -4.0. Using these magnitude limits to eliminate

spurious sources, the AFGL objects we have surveyed appear to fall into two

distinct populations. The first is a component which was detected by AFGL

at 4u only. Sources in this group have a high rate of successful cross identi-

fication with IPC and SAO stars as well as a rather small mean [4.91 [11.4]



colr,- of -0.5 [see figure la)]. Thus, the "4p only" sources are probably

associated with the normal cool stellar giant-supergiant populations in the

galaxy.

The second population consists of sources detected by AFGL at UP and/

or 20;j. Not only are there many more of these sources than there are "4p

only" sources at a given limiting magnitude but they tend to have extreme

[4.9] - [11.41 colors [see figures lb) and 2a) and b)]. We infer that a new

population of very red (and/or cool) sources which contributes only marginally

to the 4p survey is present. Photometry of a selected sample of these

"long X" sources (see figures 3 and 4) suggests that a significant percentage

of them may be associated with critical phases of star birth and death (Gehrz

and Hackwell, 1976; Gehrz, Hackwell and Briotta, 1978; and Gehrz et al., 1979).

B. Studies of Peculiar Sources

We have made continuing observations of selected peculiar sources to

achieve insight into their physical nature. A number of anonymous IOP

sources are currently being monitored for variability. At least one, GL 3099,

appears to be a very large amplitude, long period, carbon rich variable

(Gehrz, Hackwell, and Briotta, 1978).

GL 2636 has been shown to be a complex of new-born infrared stars in a

region of possible shock-front induced star formation (see Gehrz et al., 1979).

The data obtained to date form a solid foundation upon which to build

the important new observing programs which we propose in section III.
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Figures

Figures la) and b): [4.9] - [11.41 color index versus number of sources for

the "4p only" and "long X" populations.

Figures 2a) and b): Number density of sources versus limiting magnitude for

all sources (a) and the "long X" population (b). A

uniform source distrubution would give a slope of 0.6.

Figure 3: Five anonymous AFGL sources.

Figure 4: The spatial energy distribution of AFGL 2636 at four

4wavelengths.
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APPENDIX A

Data Acquired During the Program

11-19-78 UT

OBJECT AM BEAM GL# 2.3p 3.6p 4.9j 8.7p lOp 11.4p 12.6p 19.5p 2311

Nova Cyg 78 1.18 1.5mm +5.66 +3.70 +2.74 +2.06 +2.06 +2.02 +1.86 +2.14
RTLAC 1.27 1.5mm +6.00 +5.91 +5.91 +5.92
R PSC 1.33 1.5mm 226 +2.30 +1.66 +1.36 +0.78 +0.55 +0.22 +0.30 -0.06 +0.30
R FOR 2.6 1.5mm 337 + .90 -0.20 -0.75 -1.80 -1.80 -2.30 -2.00 -1.86
BABY STAR 1.06 1.5mm +7.09 +4.93 +3.64 +2.20 +1.92 +1.75 +1.10 -1.55 -2.57
BABY STAR 1.11 3 mm +6.89 +4.79 +3.44 +1.95 +1.68 +1.53 +0.71 -1.63 -2.76
CQ Aur 1.02 1.5mm +6.48 +6.46 +6.27 >+6.33
S CMi 1.20 1.5mm 1138 +0.56 -0.05 -0.16 -0.71--0.94

11-21-79 UT

OBJECT AM GL# VAR 2.3o 3 .6u 4 .9u 8.7w lOp 11.4p 12 .61 19.5w 23P

0H45.5-0.0 1.65 +8.41 +4.89 +3.19 +1.46 +1.26 +0.90 +0.59 -0.36 +0.34
0H42.3-0.2 2.10 +7.78 +4.64 +1.44 +1.32 +1.61 +0.24 -0.79 -1.28
BAnd 1.04 -1.95 -2.09 -1.89 -2.05 -2.04 -2.14 -2.06 -2.07 -2.09
SV AQR 1.70 3083 +1.22 +0.86 +0.79 +0.36 +0.09 -0.40 -0.29 -0.84 -0.37
GL 3086 2.28 3086 +1.25 +1.19 +1.12 +1.16 +1.25 +1.05 +1.47
GL 3093 2.35 3093 +0.90 +0.95 +0.91 +0.72 +0.91 +0.67 +0.71
GL 3087 1.11 3087 +1.59 +1.43 +1.55 +1.70 +1.62 +1.55 +1.68
GL 3090 1.13 3090 +0.71 +0.50 +0.75 +0.55 +0.57 +0.45 +0.55 +0.28
GL 3107 1.12 3107 +2.03 +1.83 +1.91 +1.77 +1.85 +1.61
BAnd 1.01 -1.88 -2.08 -1.87 -2.03 -2.07 -2.14 -2.04 -2.14 -2.11
UX ARI 1.06 +3.74 +3.56 +3.61 +3.54 +3.54 +3.39 +3.66
HR 1099 1.33 +3.14 +3.00 +2.94 +3.04 +3.03
GL b06 1.10 606 TCAM +0.61 +0.24 +0.41 +0.01 -0.02 -0.21 -0.17 -0.42 -0.03
BZTAU 1.22 619 +2.39 +1.65 +1.21 +0.65 +0.28 -0.13 -0.17 -0.91
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12-27-78 UT

OBJECT AM GL# 2. 311 3. 611 4. 9p. 8. 7p lop. 11 .4p 12.6p 19.511 23pi

Nova Cyg 73 1.69 +7.57 +5.54 +4.57 +3.06 >+1.87
SW MON 1.24 +2.89 +2.66 +2.66 +2.40 +2.21 +1.93 -+1.41
CRGEM 1.15 +1.44

5-16-79 UT

OBJECT AM GL# 2.311 3.6p 4.9p1 8.7p1 10p 11.4p1 12.6p1 19.5p1 23p1

GL 1686 1.56 1686 +2.49 +1.48 +0.99 -0.54 -0.95 -1.88 -1.68 -2.64
GL 1822 3.2 1822 +3.09 +1.22
OH 35.6-0.3 1.5

7-26-79 UT

OBJECT AM GL# 10op
(N)

ciLYR 1.00 +0.01
GL 2154 1.53 2154 -2.23
GL 2155 1.08 2155 -2.60
GL 2174 1.68 2174 -0.29
atLYR 1.07 -0.06
GL 2350 1.25 2350 -1.50
GL 2789 1.01 2789 -1.14
GL 3099 1.20 3099 -2.06
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7-27-79 UT

OBJECT AM GL# 2 .3i 3.6p 4 .9p 8.7w lOw 11.4p 12.6o 19.5p 23p

cLYR 1.25 -0.02 -0.03 +0.05 -0.02 -0.04 -0.03 -0.05 -0.07
GL2350 1.64 2350 +3.66 +0.90 +0.95 -0.81 -1.28 -1.69 -1.69 -2.37
GL2316 1.92 2316 +5.89 +2.75 +1.44 -0.25 -0.52 -0.81 -1.11
GL2290 2.21 2290 +5.76 +1.94 +0.51 -1.46 -1.61 -1.81 -2.31 -2.29
GL2428 1.39 2428 +5.04 +2.82 +1.69 +0.39 +0.11 -0.11 +0.01 -0.24
cJYR 1.77 -0.05 -0.03 +0.02 -0.08
BPEG 1.06 -2.25 -2.45 -2.37 -2.47 -2.57 -2.57 -2.69
GL2789 1.17 2789 +4.94 +2.42 +1.04 -0.57 -1.03 -1.18 -1.73 -2.75
GL3099 1.23 3099 +6.50 +2.63 +0.60 -1.57 -1.97 -2.26 -2.42 -2.30 -3.22
GY37,HII#1 1.16 +4.14

8-30-79 UT

OBJECT AM GL# BEAM, 2.3p 3.6p 4.9p 8.7p lIOp 11.4w 12.611 19.5w 23p
THROW

aLYR 1.01 5",10" -0.03 -0.03 -0.05 -0.05 -0.02 +0.02 +0.05

GL1954 2.21 1954 " " +2.82 +1.88 +1.44 +0.32 -0.20 -0.81 -0.71 -1.17

GL2023 2.75 2023 " " +5.35 +1.77 +0.25 -1.54 -1.80 -2.25 -2.52 -1.87
vSGR 1.84 .. .. +2.35 +1.10 +0.36 -0.56 -1.37 -1.49
aLYR 1.01 .. .. -0.01 -0.01 -0.08 -0.02 -0.03 -0.06 -0.06
HD200775 1.14 5",7.3 +4.64 +3.47 +2.91 +1.98 +1.76 +1.49 +1.42 +0.75
HD200775 1.1 5",23" +4,66 +1.76 +0.41
GL2192 2.88 2192 5",10" +2.65 +1.47 +0.88 -1.18
GL2425 2.58 2425 ... +2.48 +1.71 +1.13 -0.86 -1.49
V337AQL 2.05 " " +7.62
GL2290 1.90 2290 " " +5.82 +1.88 +0.30 -1.61 -1.91
GL2316 1.83 2316 ... +5.83 +2.83 +1.34 -0.45 -0.86
fLYR 1.49 It. +2.90 +2.73 +2.56 +2.37 +2.17
aLYR 1.56 I " +0.02 +0.02 -0.11 -0.02 -0.02 -0.15 -0.14
5PEG 1.03 -2.25 -2.49 -2.24 -2.46 -2.52 -2.60 -2.64 -2.80
V448CYG 1.00 +7.06 +7.00 +6.19
GL2428 1.66 2423 i " +4.90 +2.65 +2.01 +0.58 +0.14 -0.26 -0.02
GL3099 1.29 3099 +7.08 +2.97 +0.38 -1.68 -2.10 -2.42 -2.57 -3.15
BM CAS 1.12 +6.81 +6.11 +6.30

- ----- w s
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10-4-79 UT

OBJECT AM GL# BEAM, 2 .3p 3.6i 4 .911 8.7i I0P 11.44p 12.61j 19.5p 23P
THROW

taLYR 1.12 5",10" -0.06 -0.13 -0.16 -0.12 -0.13 -0.06 -0.07
HD200775 1.13 5",10" +4.73 +3.62
H0200775 1.14 5",40" +4.62 +3.60 +2.86 +1.98 +1.71 +1.57 +1.61 +0.55
*PEG 1.03 5,40 -2.24 -2.41 -2.24 -2.45 -2.49 -2.54 -2.55 -2.78 -2.78
3PEG 1.06 5",10" -2.27 -2.44 -2.25 -2.38 -2.45
GL3099 1.18 3099 5",10" +5.71 +2.03 +0.10 -1.95 -2.22 -2.57 -2.74 -3.15 -3.45
GL2789 1.18 2789 5",10" +4.73 +2.37 +1.01 -0.61 -0.98 -1.21 -1.79 -2.99 -3.43
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Summary of 1977-1978 data

GLt UT DATE 2.311 3.6w 4.9p 8.7p IOP 11.4w 12.61 19. 5o 23p

1780 04/04/78 +0.14 -0.39 -0.70 -1.13 -1.34 -1.83 -1.81 -2.13
1482 04/04/78 +1.37 +1.17 +0.91 +0.94 +0.91 +0.27 +0.21 -0.02
1868 04/04/78 +0.17 -0.21 -0.33 -0.68 -0.93 -1.84 -1.45 -1.73

* 1431 04/05/78 +1.74 +1.59 +1.77 +1.68 +1.65 +1.52 +1.50 +1.41
1423 04/05/78 +1.53 +1.16 +1.12 +0.56 +0.42 +0.03 -0.02 -0.25
1258 04/11/78 +0.09 -0.28 -0.37 -0.78 -0.85 -1.02 -1.13 -1.34 -0.85
1253 04/11/78 +0.96 +0.65 +0.83 +0.27 +0.00 -0.28 -0.53 -0.89
1250 04/11/78 +0.38 +0.10 -0.11 -0.97 -1.62 -2.19 -1.91 -2.57 -2.41
1355 04/11/78 +2.04 +1.82 +1.93 +1.21 +0.80 +0.37 +0.50 -1.01 -1.17
1403 04/11/78 +1.45 -1.55 -3.04 -4.40 -4.62 -5.03 -4.93 -5.05 -5.08
1411 04/05/78 -0.92 -1.06 -0.87 -1.00 -0.98 -1.09 -1.05 -1.10 -0.97
1862 04/19/78 +2.87 +1.90 +1.35 -0.01 -0.58 -1.15 -0.84 -1.92 -1.94
2316 06/11/78 -0.80 -1.40
1274 06/12/78 +3.60 +1.96 +0.94 -0.43 -0.92 -1.48 -1.39 -3.09 -3.39
1686 06/12/78 +3.51 +2.24 +1.57 +0.16 -0.45 -0.85 -0.85 -1.94 -1.92
1642 06/12/78 +0.41 +0.22 +0.42 +0.26 +0.1S. +0.07 +0.10 -0.19
1643 06/12/78 +0.63 +0.52 +0.79 +0.66 +0.58 +0.65 +0.68 +1.05
1788 06/12/78 -0.92 -1.26 -1.13 -1.48 -1.74 -1.94 -2.02 -2.65 -2.77
1792 06/12/78 +0.81 +0.67 +0.81 +0.72 +0.72 +0.52 +0.51 +0.74
1852 06/12/78 +2.65 +2.57 +2.65 +2.59 +2.57 +2.66
1822 06/12/78 +3.21 -1.05 -1.36 -2.00
2428 06/12/78 +4.86 +2.71 +1.60 +0.35 +0.09 -0.14 -0.21 -0.39
2789 06/12/78 +4.67 +2.25 +0.98 -0.60 -0.97 -1.26 -1.75 -2.86
3099 06/12/78 +5.92 +2.19 +0.22 -1.83 -2.13 -2.56 -2 67 -2.95
2425 06/12/78 +2.88 +1.96 +1.34 -0.26 -0.87 -1.44 -1.17 -2.05
2350 06/12/73 +3.96 +1.90 +0.97 -0.66 -1.25 -1.71 -1.71 -2.53
3099 06/18/78 +5.66 +1.96 -0.11 -2.11 -2.42 -2.71 -2.90 -3.33 -3.56
2789 06/18/78 +4.43 +2.01 +0.61 -0.93 -1.31 -1.56 -2.06 -3.51 -4.20
3125 06/18/78 +4.82 +4.49 -0.59 -1.04 -1.67 -2.23 -1.97 -3.05 -3.30
311 (5/18/78 +2.81 +0.02 -1.64 -3.32 -?.60 -3.98 -4.02 -4.71 -5.24
2428 06/22/78 +4.81 +2.59 +1.44 +0.32 +0.15 -1.18 -0.01
2789 06/22/73 +4.60 +2.22 +0.94 -0.65 -0.95 -1.26 -1.77
2199 06/23/78 +2.42 +0.51 -0.40 -2.20 -2.62 -2.93 -2.94 -4.03
2155 06/23/78 +5.79 +1.66 -0.31 -2.52 -2.88 -3.21 -3.24 -3.85
2154 06/23/78 +5.21 +1.66 +0.09 -1.61 -1.83 -2.14 -2.12
2174 06/23/78 +4.12 +2.63 +1.68 +0.44 -0.22 -0.68 -0.98
2178 06/23/78 +5.09 +1.50 -0.05 -1.77 -2.04 -2.34 -2.39 -2.39
2192 06/23/78 +3.64 +2.02 +1.28 -0.30 -0.80 -1.20 -1.18
2290 0b/23/73 +6.05 +1.07 -0.54 -2.36 -2.48 -2.35 -2.50
3099 06/23/78 +5.89 +2.12 +0.19 -1.83 -2.18 -2.50 -2.61 -3.20
1686 08/04/78 +3.59 +2.21 +1.67 +0.32 -0.30 -0.69 -0.45
1993 08/04/78 +0.85 +0.48 +0.75 +0.24 -0.57 -1.11 -0.77
2148 08/04/78 +1.79 +1.06 +0.90 +0.44 -0.01 -0.26 -0.51
1983 08/04/78 +0.98 +0.23 -0.17 -1.34 -2.01 -2.52 -2.26
1922 08/04/78 +6.03 +1.94 +0.00 -2.14 -2.48 -2.92 -2.98
2b36 08/04/78 +10.45 +8.35 +6.38 +3.38 +2.87 +2.63 +2.05 -2.80
2636 08/04/73 +7.16 +5.46 +4.21 +2.60 +2.28 +2.12 +1.55
2428 08/04/78 +4.80 +2.59 +1.08 +0.21 -0.04 -0.46 -0.39 -0.39
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Summary of 1977-1978 data (continued)

GL# UT DATE 2.3p 3.6p 4.90 8.7p lOp ll.4p 12 .611 19.5p 231

3099 08/04/78 +5.92 +2.04 +0.10 -1.81 -2.22 -2.56 -2.68 -3.17

2789 08/04/78 +4.60 +2.15 +0.69 -0.68 -1.19 -1.33 -1.89 -2.87

2290 08/05/78 +4.17 +0.87 -0.72 -2.46 -2.60 -2.85 -3.42 -4.08

2199 08/05/78 +2.50 +0.51 -0.43 -2.17 -2.31 -2.95 -3.03 -3.64

2316 08/05/78 +4.37 +1.52 +0.12 -1.07 -1.26 -1.62 -1.93 -1.87

2789 08/05/78 +4.45 +2.02 +0.73 +0.78 -0.99 -1.28 -1.97 -2.83

2636 08/05/78 +2.35

1686 08/16/78 +3.42 +2.00 +1.61 +0.27 -0.34 -1.04 -0.80 -2.09

3099 08/16/78 +6.47 +2.50 +0.52 -1.62 -2.11 -2.41 -2.64 -3.39
2789 08/16/78 +4.85 +2.42 +1.13 -0.49 -0.97 -1.24 -1.86 -3.40

211 08/16/78 +2.53 +1.69 +1.35 +0.71 +0.22 -0.09 -0.21

2181 08/17/78 t-2.21 +1.87 +2.03 +1.92 +1.66 +1.48 +1.39

2575 08/17/78 +0.10 -0.58 -0.61 -1.66 -2.67 -3.23 -3.24 -3.88

2583 08/17/78 +1.53 +0.97 +0.89 +0.46 -0.02 -0.31 -0.47 -0.62

2588 08/17/78 +0.43 +0.17 +0.35 +0.08 -0.15 -0.28 -0.15 -0.74

2589 08/17/78 +0.99 +0.72 +0.97 +0.56 +0.35 +0.08 +0.25 -0.41

2618 08/17/78 -1.08 -1.43 -1.23 -1.50 -1.63 -1.67 -1.81

2754 08/17/78 +2.41 +1.78 +1.74 +1.29 +1.00 +0.78 +0.71 +0.42

2934 08/17/78 +1.81 +1.45 +1.56 +1.17 +0.76 +0.44 +0.38 -0.17

2940 08/17/78 +1.03 +0.78 +1.05 +0.82 +0.46 +0.23 +0.45 +0.15

2943 08/17/78 +0.91 +1.59 +1.80 +1.43 +1.25 +0.99 +1.03 +0.94

3088 08/17/78 +0.48 -0.06 -0.23 -0.81 -1.04 -1.39 -1.34 -1.71

3010 08/17/78 +1.09 +0.77 +1.01 +0.64 +0.42 +0.21 +0.21 -0.30
3085 08/17/78 +1.47 +0.80 +0.88 +0.02 -0.24 -0.70 -0.60 -0.84

3110 08/17/78 +2.09 +1.50 +1.55 +0.36 -0.65 -1.13 -1.05 -1.93

3125 08/17/78 +0.32 -0.02 -0.15 -0.58 -1.29 -1.76 -1.54 -2.32

227 08/17/78 +2.13 +1.61 +0.86 +1.48 +1.44 +1.26

335 08/19/78 +1.46 +0.78 +0.47 -0.01 -0.40 -0.78 -0.82 -1.35 -1.64

347 08/19/78 +0.02 -0.31 -0.12 -0.64 -1.15 -1.62 -1.56 -2.57 -2.66

350 08/19/78 +1.88 +1.55 +2.67 +1.26 +0.96 +0.59 +0.51 -0.25

582 08/19/78 +1.46 +0.82 +0.89 +0.14 +0.03 -0.70 -0.37 -0.20

1570 12/20/77 -0.53 -0.37 -0.88 -0.1 -1.51 -1.69 -1.84 -2.36 -2.19

1489 12/20/77 +0.55 +0.20 +0.19 -0 -0.26 0.47 -0.74 -0.95 -0.92

1719 12/20/77 +0.04 -0.37 -0.42 -0.68 -1.19 -1.55 -1.65 -2.37 -2.40

1720 12/20/77 +0.37 +0.03 +0.29 +0.03 -0.42 -0.82 -0.70 -1.11

748 12/21/77 +1.61 +0.35 -0.33 -1.26 -1.43 -1.69 -1.54 -1.40

794 12/21/77 +0.66 +0.14 -0.11 -0.81 -1.34 -1.83 -1.78 -2.26
802 12/21/77 +1.24 +0.61 +0.31 -0.19 -0.39 -0.81 -1.11 -1.23

805 12/21/77 +0.99 +0.33 -0.08 -0.57 -1.02 -1.35 -1.46 -1.77

934 12/21/77 +0.93 +0.68 +0.79 +0.29 +0.32 +0.04 +0.11 -0.20

1354 12/21/77 +1.44 +1.18 +1 24 +0.74 +0.83 +0.34 +0.34

1280 12/21/77 +0.49 +0.28 +0.35 -0.13 -0.58 -1.04 -1.00 -1.20

1428 12/21/77 +1.07 +0.80 +0.80 +0.24 +0.07 -0.52 -0.62 -0.77

1427 12/21/77 -0.40 -0.64 -0.57 -1.12 -0.90 -1.53 -1.63

1488 12/29/77 +1.38 +1.11 +1.17 +0.62 +0.13 -0.33 -0.27 -0.93 -1.07

4157 12/29/77 +2.54 +2.01 +1.69 +1.07 +0.86 +0.63 +0.60 +0.35

355 12/30/77 +1.13 +0.65 +0.39 -0.06 -0.21 -0.45 -0.43 -0.91 -0.95

505 12/30/77 +0.59 -0.03 +0.23 -0.88 -1.12 -1.50 -1.39 -1.53

945 12/30/77 +1.22 +0.93 +1.01 +0.44 +0.00 -0.40 -0.33 -1.20

583 12/30/77 +0.58 +0.35 +0.44 -0.06 -0.36 -0.74 -u.38 -1.43 -1.40

1120 01/21/78 -0.50 -0.80 -0.54 -0.95 -1.29 -1.63 -1.46 -2.16 -2.42
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Summary of 1977-1978 data (continued)

GL, UT DATE 2 .3p 3 .6p 4.9p 8.7p lO 11. 4p 12 .6w 19.5p 23o

601 02/17/78 -2.89 -2.96 -2.82 -3.00 -2.99 -3.08 -3.11 -3.10 -3.03
600 02/17/78 +1.54 +0.92 +0.78 +0.29 +0.03 -0.28 -0.55 -0.90 -0.81
761 02/17/78 +1.34 +1.11 +1.30 +0.93 +0.90 +0.68 +0.55 +0.18 +0.31
937 02/17/78 +2.53 +2.02 +2.45 +1.30 +1.26 +1.13 +0.99
601 02/17/78 -2.87 -3.03 -2.82 -2.96 -2.94 -3.03 -3.04 -3.15 -3.24
788 02/17/78 +0.37 +0.03 +0.00 -0.45 -0.89 -1.27 -1.29 -2.01 -2.27
799 02/17/78 -0.41

1163 02/17/78 +1.16 +0.88 +0.87 +0.51 +0.44 +0.27 +0.31 -0.04
1117 02/17/78 +1.80 +1.49 +1.23 +0.68 +0.33 +0.03 -0.07 -0.52 -0.66
1183 02/17/78 -1.09 -1.10 -1.11 -1.23 -1.19 -1.20 -1.18 -1.32 -1.30
1281 02/17/78 -0.65 -0.76 -0.81 -1.22 -1.53 -1.84 -1.82 -2.10 -1.99
966 02/17/78 -0.58 -1.05 -0.92 -1.62 -1.75 -2.06 -1.92 -1.94 -2.02
982 02/17/78 +1.70 +0.93 +0.55 -0.31 -0.84 -1.33 -1.33 -1.62 -1.71
991 02/17/78 +1.57 +1.24 +1.34 +0.79 +0.8) +0.60 +0.63 +0.71
998 02/17/78 +2.89 +2.62 +2.42 +1.84 +1.71 +1.49 +1.23 +1.50
1693 02/17/78 -2.73 -2.73 -2.69 -3.00 -3.11 -3.01 -2.83 -2.88 -2.86
1554 02/17/78 -0.99 -1.33 -1.31 -1.64 -1.90 -2.26 -2.34 -2.62 -2.73
1693 02/17/78 -3.04 -3.16 -3.09 -3.29 -3.31 -3.36 -3.31 -3.32 -3.28
1706 02/17/78 -1.95 -2.36 -2.36 -2.90 -3.40 -3.74 -3.95 -4.34 -4.41
1710 02/17/78 +1.30 +0.52 +0.15 -0.63 -0.89 -1.24 -1.30 -1.91 -2.17
1693 02/17/78 -2.99 -3.12 -2.91 -3.02 -2.99 -3.07 -3.15 -3.08 -3.13
1773 02/17/78 +2.66 +1.34 +0.66 -0.74 -1.12 -1.61 -1.59 -2.27 -2.51
1858 02/17/78 +0.25 -0.50 -0.76 -1.41 -1.77 -2.16 -2.30 -2.54 -2.59
335 08/20/78 +1.46 +0.78 +0.47 -0.01 -0.40 -0.78 -0.82 -1.35 -1.64
347 08/20/78 +0.02 -0.31 -0.12 -0.64 -1.15 -1.62 -1.56 -2.57 -2.66
350 08/20/78 +1.88 +1.55 +2.67 +1.26 +0.96 +0.59 +0.51 -0.25
582 08/20/78 +1.46 +0.82 +0.89 +0.14 +0.03 -0.70 -0.37 -0.20

2688 09/26/78 +9.58 +6.91 +3.92 -0.93 -2.35 -3.18 -6.10
1059 09/26/78 +3.43 +1.80 +0.67 -0.74 -1.34 -1.75 -3.53
328 10/07/78 +1.25 +0.20

4044 10/07/78 *2.24 +1.80 +1.83 +1.35 +1.03 +0.92 +0.83
3099 10/20/78 +6.59 +2.54 +0.49 -1.68 -1.98 -2.42 -2.46 -3.05 -3.17
211 11/01/78 +2.25 +1.44 +0.92 +3.31 -0.09 -0.22 -0.35 -1.20 -1.74
216 11/01/78 +1.63 +1.32 +1.28 +0.76 +0.12 -0.30 -0.05 -1.20 -1.53
327 11/01/78 +1.78 +1.45 +1.51 +1.06 +0.77 +0.54 +0.45 -0.46
332 11/01/78 +1.60 +1.00 +0.74 -0.26 -0.85 -1.42 -1.27 -2.09 -2.32
590 11/01/78 +1.35 +0.78 +0.63 +0.30 -0.01 -0.31 -0.31 -0.40
604 11/01/78 +1.95 +1.77 +1.66 +1.40 +1.24 +1.18 +0.89 +1.06
2636 11/02/78 +3.66
203 11/02/78 +2.78 +2.32 +2.83 +2.62
751 11/02/78 +1.81 +1.47 +1.72 +1.13 +0.74 +0.31 +0.66 -1.01
796 11/02/78 +2.45 +1.65 +1.62 +0.45 +0.52 +0.29 +0.52
341 11/02/78 +8.10 +5.11 +2.33 -0.48 -0.87 -1.16 -1.42 -2.74
482 11/02/78 +5.47 +2.15 +0.42 -1.40 -1.66 -1.94 -1.99 -3.02
928 11/02/78 +1.90 +1.51 +1.47 +0.78 +0.00 -0.55 -0.35 -1.83

40bO 11/02/78 +2.44 +2.12 +2.13 +1.78 +1.43 +1.14 +1.11
933 11/02/78 +2.55 +0.93 +0.15 -0.92 -1.02 -1.36 -1.15 -1.86
935 11/02/78 +5.34 +2.73 +1.40 -0.16 -0.37 -0.78 -0.71 -1.54

1059 11/02/78 +3.53 +1.78 +0.54 -0.80 -1.14 -1.38 -1.76 -3.75
1108 11/02/78 +0.93 +0.62 +0.70 +0.55 +0.55 +0.47 +0.58
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Summary of 1977-1978 data (continued)

GL# UT DATE 2 .3w 3.6pj 4.9' 8.71 10 ll. 4p' 12.611 19.5p 231.

1131 11/02/78 +2.28 +0.77 +0.00 -0.82 -1.00 -1.36 -1.25 -2.30
1169 11/02/78 +1.67 +1.28 +1.28 +0.86 +0.52 +0.18 +0.32
1141 11/02/78 +1.70 +0.58 -0.14 -1.43 -1.86 -2.27 -2.03 -3.56
1253 11/02/78 +0.80 +0.31 +0.41 -0.04 -0.21 -0.56 -0.52 -1.95
3116 11/03/78 +2.51 -0.27 -1.78 -3.27 -3.44
226 11/19/78 +2.30 +1.66 +1.36 +0.78 +0.55 +0.22 +0.30 -0.06 +0.30
337 11/19/78 +1.80 -0.10 -0.50 -1.60 -1.70 -2.10 -1.70 -1.30 -0.70

4029 11/19/78 +6.90 +4.80 +3.40 +2.00 +1.70 +1.50 +0.70 -1.60 -2.80
1138 11/19/78 +0.60 -0.10 -0.20 -0.70 -0.90
3083 11/21/78 +1.40 +1.00 +1.00 +0.50 +0.20 -0.30 -0.20 -0.60 -0.20
3086 11/21/78 +1.50 +1.40 +1.50 +1.40 +1.40 +1.20 +1.70
3093 11/21/78 +1.10 +1.20 +1.30 +1.00 +1.10 +0.90 +1.00
3087 11/21/78 +1.60 +1.40 +1.60 +1.70 +1.60 +1.60 +1.70
3090 11/21/78 +0.80 +0.50 +0.80 +0.60 +0.60 +0.50 +0.60 +0.30
3107 11/21/78 +2.10 +1.80 +1.90 +1.80 +1.80
606 11/21/78 +0.70 +0.30 +0.40 +0.00 +0.00 -0.20 -0.20 -0.40 +0.00
619 11/21/78 +2.50 +1.70 +1.30 +0.70 +0.30 -0.10 -0.10 -0.90
793 12/17/78 +1.01 +0.58 +0.40 -0.05 -0.27 -0.45 -0.82 -1.42 -1.61
967 12/17/78 +1.97 +1.69 +1.72 +1.50 +1.08 +0.71 +0.22 +0.08
968 12/17/78 +0.25 -0.01 -0.11 -0.37 -0.69 -0.71 -0.81
970 12/17/78 +1.77 +1.53 +1.46 +0.97 +0.59 +0.57 +0.95 -0.22
1118 12/17/78 +1.75 +1.28 +0.89 +0.35 -0.19 -0.24 -0.22 -0.91 -2.02

57 12/17/78 -1.02 -1.49 -1.51 -1.98 -2.31 -2.64 -2.83 -3.26 -2.88
68 12/17/78 +1.53 +1.09 +1.24 +0.78 +0.55 +0.28 +0.32 -0.22
59 12/17/78 +0.52 -0.25 -0.71 -1.77 -2.19 -2.67 -2.70 -3.23

220 12/17/78 +2.58 +2.43 +2.56 +2.38 +2.21 +1.89 +2.28
485 12/17/78 +0.27 +0.07 +0.39 +0.14 +0.15 -0.02 -0.10 +0.79
489 12/17/78 +1.61 -0.29 -1.41 -2.60 -2.75 -3.23 -3.13 -3.35 -3.67
695 12/17/78 +1.56 +0.09 -0.82 -1.75 -1.88 -2.37 -2.25 -2.37 -2.60

4047 12/17/78 +2.46 +2.33 +2.46 +2.62 +2.84 +2.24 +2.46 +1.35
585 12/17/78 +2.88 +0.46 -0.79 -1.97 -2.05 -2.39 -2.69 -2.91 -3.15
746 12/17/78 +2.63 +2.63 +2.32 +1.67 +1.72 +1.11 +0.95 +0.80
791 12/17/78 +2.93 +2.29 +1.31 -0.95 -1.21 -1.77 -1.88 -2.79 -3.16
956 12/17/78 +0.78 -0.28 -0.85 -2.21 -2.56 -3.29 -3.08 -3.83 -4.02
95b 12/17/78 +3.76 +2.35 +1.48 -0.17 -0.55 -1.21 -1.16 -2.15 -2.23
985 12/17/78 +4.77 +2.52 +0.89
1160 12/17/78 +1.70 +1.60 +1.94 +1.56 +1.56 +1.53 +1.48 +1.18
1249 12/17/78 +1.61 +1.39 +1.68 +1.34 +1.73 +1.04 +1.09 +1.09
1265 12/17/78 +1.69 +1.48

t
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APPENDIX B:

REPRINTS OF PUBLICATIONS
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A\ SEARCH FOR ANONYMOUS AF(RL INFI(AREAK) SOURCES
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Ten of 47 anonymious AFCRL, infrared soUrces were coltiritei dlurinig a recent search. Thi. con-
firmied sourcus could relpreet different stages in the evolut in oft single (aJSS of stars. It is sugge-st el
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.- \IRI. poiiir of the( source was threD seariloil It' giver)i in ctluvt'n-. (11 ; nd I 2 i I mi I2o
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1

im moidt Ii1v ist ' /i' II Volt
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tllrias wert strc it or; it II nd tI I a ' rt tar 1  
titlttiiil 2 rd5 1 t sotrki T It i .

tIlint I 1.3 ftt I( I A hit 1. Althn t wi u uit riin'If rt t ' It' I l "It I It it. i I Is he I% \ t I rtt i I
tiou ritt~ the Sea r( l(i It tir. it l0ut:ir %ir ,ctk i roi tsr r(I t l 11 1 dirIrttr ' or n 1 'r It -

fo riatai ) It ritl ) irt i fit lthltltrt'tr Ill upit- oti rrli 'rl in Li tl IK! sll'it 15j'Jj 1j, j J. I li , t1f. M I t
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('RIL 680 was not deeted at 11 p lii th Ihernuospiitre, eve ntuajlly vaporizing macli oft tit,
Walker and Price 1975. dlost amd rtenderiniz the thermosphere optically thin. 1

'Illw evolti narY status of these objects might he 1

energy of flbe embleddedI star will, in) theu eutreme clarified if the spectral type of the embedded star could
be un? irdly redistributed to flte infrare-d by I hernial re- be (lelermlinllI.
ratlial ill froni thet dust.

b') P re p/a ,o'/iirbiae/II/O. AI r)i eItrs ~ur
otold be ;I (hiss (if du11 sltnioudcd obIjeets whit. It re c arIn indtbletol F. . C. (;illtl and J. S. Ga;llaghber

UV~di vil twoi Iilaittlarv ncblaclt. Pticii1ilIv th Id utst for stimuitlait ing isisinS; concerning the nature
woutldl ltvt iotised as; flit, tiller l,yc(rs itt 'lit star t.x- oif hiesourtCeS. 'Ibis work was suipportedi by lte \*i

liililtl during f lit- tital sft,,(.s () lilliar lturning,~ A\s ltinl Sc Ieli~c IindiitIionit iq ~tuid helium fotr testing
flit ii, illil r la %ttr. oft Heit- iltethiltd Star IJcom ui\ei- Ihle phiotomieter was suppliedl in part by the O)ffice

JtI,5Ctl, aLn ionizationl front kiuld ntive oirita t broiigh of N;VAl Kesearch undvi-C eont ract N(W~t14-61 *(-0388.
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TuE .\STROrrPi x~kI. Jl' 'RN Ii., 221:1.23 1.27, 19"78 AI ril II

li(sERVATWN~iS ()F' THiE fi ;[ILV EVt[NUl CARBO)N STA.R (1.1. 31(0)

R. ID. ( i FII Ri,*t 3. A,. I i \CtNvI:u,_*t AN I I). 1;R I() I I\*+

Detp-artment of I'll \jc Si I(I A~triInoI0T-\, I ni icr-itt-iof \t oniinvl
Rece;: ed 1l'77 O,'hIcr 31; .zcccPlrd I', law, ,ni

:\ S''R A( 'T

Lari,,e-aniplit ode infrared li Tht variations are reportedl for tile j uctiliar in frared star ( L.~I 30 99.
Hi,,h-resolution (X\. AN 10(0 2.8 4.1 )1rn arid 7.8 -13 urnispectra iictI hat I RI ;0)9 i. it carbon
,tar xhicit is hi.hxreddened by- a dense circumstullar shell. Small uralote --rains iiip.ircntlv arc-

i'pr;:,iarx otlacit siil'rct fr the cix-hcT~.i )%,, x r tin' 1 201 i,' -n'''tii r,-'':,.n. 'Il
1 ri ipertuLre is ,t10 K and tile sild! oltical depth -, -0.11 atIll 0Lil. \AC ~a th.L iio K I. 30'')
represents an advanced ev-olutionary stacyz w\hich is charatcterizi.d by the tormdtion of lar-cair
of cool circumstellar dust and bV harge-amplj iude bolomereire- ariatI ion, inI the c-ent r~l ti~tr. ( I li, - t.
sinIiila r t o ( R 1, 3 )99 ma iy h)e a s ii-lmeanI czi s I i r ce ot in t Ur ,t i 1tr -,r. tp1h1ritIe.

Subject keadioigs: infrared: spectra - stars;: carbon

I. IN] RoDtCTION lliv~i-rusolutiort (X AX -10W(l 2.S 1.2 ium and 7S

(iehrz and Briot ta acouired at faint 10 pil infrareul 13; 4m spectra if ( RI. 300o0 a;ippe.r in) I-ia rc 2.'I'lh(

source (110 mmiti= +1.68) with tire Universitx' of 2.. 4.2 jum ;I)(ectri %\ere 6Maien v 1) oi , vI VP
Nlinnesota-Uniiversitv Of California at San IDieg' ( t, A.\tuPhot'' lush >V~1tl \\ith thle 11"i.\( 1. m to ''1

on JI ) 2,143,18 A\ Wx'ooili'. (ircii]ir xi i
UUSi) 1i. orl inirarulcd rlcopa' onl JI 2,4 1,3.(ls2 I;~c t

a routine search foir the arntvrlOUS infraredl miurke Idler wvhenv1 p-1 trmvter n\it h 'A x'1nt :.

CRI, .309. The ,Itirce'ei reacquirrd ti [ 11 l bolorireter va~s rise) on thle 1..3,t li~t-lc fr tilt JIi

+ 1159 (in .11) 2.443,085. Photoi'ictric c'oriinates fir 2.443,210 7.,X 13 "i speetromm. ''Ite .S 1 "!,1 ,loc-
tli~ssourcvofW1(1u) =2 3I4, '. r- 6(' ;M - Irum i\ ttrn aibiii oidil.t\.an or CMIN

10'37'53" +- 15" %\ere etabhlishcd by ofse ttmnlC the the re irtixi lre itttur ini ii t.
telescope to SAO) l10,S622.

A ,Lucliient , ic 'xi ilti that . iit l uhIll. I xlRi;t- \il'1I I I U11. r\Fl: \IAi \x~ \1l I,

brighrter Object ([II0.4 j,1111 1.1)0t) had been lhs'trx'ei IN CR1. 31111

at the coorinrate's ev( P5) 3i2. '43-0 - V ;,ill We criclo',!- that tilolJii'l- , L. >:

6(19)5o) + lO3,S 14 -- 1. by r I. fkxet at. (1970)i. itn Table I rheiiion-mrite that (RI i .31 1 ; iIl\
-oceci d 1-7 ) rt tore precis;e coorl( inirrared ,Oiirkex Mili \.ries Stii I,1taitlI\' "nt a Ie t

nates of url1950) = 23I25!-150 1) 0-33 arid 3 (15) scale )I orontita.
+ 10'"38'08' ' 4-5" for thle Lr'ofsk 'v (, al. oirc-v. I'FTh pliiit'tnt nc posmlimois deter-mined f:ir t RL 30Wi11

AdIditi,,ia!i ob~crvatriri'. du~ring 31I) 2,4.i3.207 ~ lx blofskx' ('1 lt. (1976w, .1'k 1v-1 '11i. ( 1077" .!n');
2,443,2101 by thre \oiiri in fr~irei vrourI 5ie'tl;t hat v are i olltn,\ihl h loe eii-a
all Of thle :ifirrllti'-l~ irfrarel ob,;rvatiiu, e\r , rror-., with the( lirc'slllriiht thitt .i sit-ih -nrn' xI
at single pointlike infrairtrl souirce. \\C errlthilt- hAt obhst-rx'i itt all A'SS.~ll c'Ii5rvuti'. MIC la 1'! .v'ery larrz-.iitpiitiire irifraired vairiat i,,is, ranrging f .rin recordedl irnfrair- c-Iolrs 'inr Illi , c .1e'ii n ill

4.miat' in aiil-litiill at 2.3 pi to 3; tta- ill :ltin:I' rei'iihl nilnlv iti tiletl''" i hipril fir ( RI,

conseru-neesm ,f theme o,urx'tiris itre '!jscus eil hl'x .\1( . (Price tind \\ Alker 11
7
1icii''a. I- unthltr ar',

%nv rave -ea i-hll t I, 1,,x cliin I-r '7) iht 'ordiil tli
1i. 1 i filrlsIIIV \l I NS t1ohihe joy(.'' i. 7 i .il a,' (I21

Table I atn! I'er 1 sirnarizu ill known infratred t,, a lilt\x h-eel if x ' o III cw Mni. ni ai, 11rI

Nuvx commiuiinicatedl i( ir J DI 2,1.1.33 arid 2. 1 1.373 'Alu Irixi rid~l witi In'. 1 ''ifl:x tu(I. )1 j..

Ilata to us lirir to pnii'ittiir. The' Itoomrtrlirs tnd in ihlprvt, -~i\'iiidlrd~nr el i'iI:]lr'- IY i \%iti

iriliatud~ in tile foo'li"Iisti Tall 1.L'OO ~itriit , II( I to 5. il I!, bki-.

i -I ,, rx,t ri- - : ,(It i m - % ~ t,, 1, ,- r II Ili no~ i'l-.il tii ' I 111 : II : ': tilt Ii lldc
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(R L 3099

In support of the variability hypothesis, we note contrast 11.5 yin SiC emission feature appear in the
that the collective photometry of observers other than spectrum ,f CRI. 3099 (see Fig. 2 .%lerrill and Stein
ourselves suggests a light amplitude of -2 mag at (1970a) have shon that thc -oil titt'o., appearance
5 ;Am. The enormous flux variations from 2 to 20 pim of these feat ures is uniqute to carbon -tars. Ahhoui.h
suggested by our JD 2,443,082 and 2,443,0,85 o lserva- some objcct.; ,hibit -3.07 It water ic' ;bsrtin, 1nChe
tions are among the largest yet reported for an infrared CIL 3099 feature is c.arl similar in hape to the

star. 3.07 tm features in other carbon-rich ('RI. ol,iccts. We
V. DISCUSSION "hu" the 2 4 uit spectra of the carbon-rfhi ('RI.

The data suggest that CRL 3099 is a carbon star in sources 799, 3011. and 4S2 for cotn,.iri,,,i in Figure 2.

an advanced stage of evolution. Merrill :tijd Steitt (197t)bt have notc, I that short-
A deep 3.07 Mm absorption feature (r.,, = 0.9 with \%.tvt, en sth etissi, from hot circinm-t,.iar dust

respect to the neighboring continuum) and it high- (' . - 1001) K X washes out the 3.07 nt aih,,orptin

61
4  

T T- ]TT r--T-r -T-- T- ---- 1

KiiKEY

JD 2
4

4C:30 -1132 *
1335 0

i657 a

2710 o

2948 A O
3033 A El

(515 3082 e - V
3085 o x o

3207 + + V V .0
3208 x *

3209 4 4 '
3375 0 :

ALLEN ET AL ,1977 v

x 0

88

100

-'8* ' L
I0

1 1 5 2 3 4 5 6 7 8 9 15 20

x ( )

ro., I,--Photornetric niva-iirentcnt, ,f cRI. 3099. Thu, \\ *mimt daita fr mininium liilt ir' ktn,)tI h . ,pi an ,I circlcs. In
formation concerning the rtnainlng d anthl i l,ttiitg ..tmIg s are umnriiized in tile liurv ald 'ta!,lu I

a
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-14T

KEY
JD02440000 +3209 A

L-.CRIL 799 3208 xond

'.3207 +

A/CR 3099

\ '2000K

*485 K,
1± / /350 K, (r ' 5a

- 0 ,j O
2 al~i 8 5\

2SOO 8.jL)

2 3 4 5 6 7 8 9 -3 :2 14 16 18 20

Ii: .1 I 2t rc-liiit I oilX ' iwct I,,'rof (R 1.300id el iveral CRI1. oilatrHit "mi'rci', are' he%%n. 'The Spectra ,f ( 'RI. 70(.
(ii ISI 2 i V.' ,i2~ttioli) tihe K 'Ni) ''~.1ti,t" InS l.t~immt the K 'NI 1.3 ti te'iI'.pei, ifl I'97; Octob-er liBnm.Iai t-ilth,

11, V . rIKL.M199 al-i, -it'l FWil e I i-lied kie, lal vie. 21060 K, 251H)) K. oil M1l, K tecl irceti the thItcoretical conttinua 'I several
"tar, hich ',ihi pr~iUCi- OIC .. rvii etteriz witlpt 4f (RI.30919. Also h.iiomn are the grapiii hell iiiiilcs discussed in §IV ,f the text.
Ii1w Iwormi,iVIati ,l in P, for the -oectra of ( RI. 799, 3011, andi 4582 is aihitrary.

it iurc ill i irhon stars slt it ;is. I R( + 10210. T1he fact both graphite shell Modls, it is seen that the radiation
thL ililt 017' pill fcaitr- ii ( I, I 30011) is aiilllg till' short oif -. 3 pill i proiixilv dominated IA- t he reddenedet

ii I. iiW) K)I shltt-licr~dlrit:c %xichij rt-ixicc- 1 '1 l, ilie's far out of tht galticti plant (i''

coni t uritI i-ns t mi.iiit tl1 "Ilit! ..(oi- star ill \\hIiti the iliseryti rihCklilin is

P tl'1'0.2 pill v r:t~liiit r tins prir ch a lihvsieaiv Asitwiii-, thiat itlri' ir- luminosity i f a fairkx" -'%'viiai''
rt t-'iilll' Ijiriec fir thc- .if to ,II ont iiniul oI cirbion st,ir (1', 20Mt 30001 K aMid I, - 10'~ 10' I is

Ill~iritire, . o 180) IK and ;Ittili ,ptiiai dethi if at 2.3 Aim for the graphite shell. T1his 2.3 pill optical
-2.; at S,3 Mil. lit. -c - ito I'_i i''itisI 331) K delil ik t'insistclit \ith the smllli graptie grain moltltl

"tm ill L'ritpiitt vrain15 i,; llriilitln,il to X lMvir ill' that thtis iid- l~ltSwt)Iico 1t~ietnto

rtfilln-o it nt rel (,cci. Nit rrilind mltiin 19~
76

q; ( .IlIMIti aini!- 10 ittg iif v~tilietiln itt 1.25 pilt. Not surprisingly.
P)1) itoii Sit( i illc l(-i v0 fril Ill tol 12.5 phi, nil opiclI countterpart 1i) ('RIL.01)9 has bee'n reportedi

iisa "J-lii im lit 'v ;ouircc' mt-ide thus spltril i tile it.1 - Iimtil j1 - K colors publishled by Alilen
rel ill t wi 1 a rvl Ixi i Il i Ihiie (sit' t ihI II 1)7, I)r it t.117 ) are cultip arablec to tho~se tilil' bserved in
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other invisible CR1. sources. A shOu radiuis of -. 3 X ptil~at ions of aI rtel;t ivcly highzl dcflsiv revion (p

1015 cmi was derived for the above model by using 10~ ' coY such Is the Pholosl , rc of the embedded
G;ilman's (1974b) PlIanck mean cross sections for smiall I s4r. Wi( th Irrib re pri-ui mc that ill infraredl variation-;
grains. The 8.3 pill -, of 0.2, combined with (iiltmn's represent changes in the luminouls OUItt (if ilhe ccritralt

(1974a)~ ~ ~ ~ ' gaht NIieSvies aI graphite shell mIa S rII.r whlichi arc miirrored by- thle thermal L,n i--i'o of the

of -10-5 .1!-. Thus, if the gas in the shllt is -254 mirroundiniz -cocio.'' It is posible that itKi star l

tinles as abundant as carbon byv mass (Allen 1973), ('RI,. 3099) unilcrziieS larige-aniplitutde pIioitoslphcric

tettl hllas i mopol3 cal aXn the5 .11cs massfa tpial caratrzb star. hni. dp ,lo

(1T)he rnt vrpe that L 3009, hawhcoon ih an larvntge ofni Anrbo. sIltr Pvol tti n i chtd
asisconsiderabl ote ofthe loglacti g pl idne drive insailit aait, l argeial ito pitiisi-pran

represenis an cabonce sta hodc byvaoluto. Alihough c10rgusa (ust fesorationan ically.e very coldhe
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ABSTRACT

Infrared and visual observations suggest that AFGL 2636 is

a region of star formation that is similar to the 01 - BNKL complex

in the Orion Nebula. The geometrical position of AFGL 2636 within

the Cygnus-X region may be an important clue to the processes

which precipitated its formation.

,9
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I. Introduction

Price and Walker (1976) reported the discovery of a bright

20,, infrared source at the position 6(1950) = 20 h40 m42 s + 14s and

oL(1950) = +4 2'46 ' .7+1.5 which they designated GL2636 in their catalog.

Gosnell, Hudson, and Puetter (1979) and K. M. Merrill (unpublished)

subsequently verified the source and speculated that it was multiple

because of cheir observation that the 2p and 20 emission peaks

were slightly displaced.

We have recently used a small beam infrared photometer on the

Wyoming Infrared Telescope to produce a set of isophotal maps of GL-

2636 which confirm the presence of several point-like sources em-

bedded in a small cool nebula. Our maps, together with additional

infrared and visual data reported herein, suggest that GL2636 ma1

be similar to the - Lco;plex in N42.
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11. The Infrared Observation

Isophotal maps of GL2636 were produced at effective wavelfrjths

of 3.6w, 4 . 9 11, 10 (N band)-i, and 19.5(Q band)j; using a Wyoi:inj

Multifilter bolometer equipped with a 4.5"diameter circular bear

(3.74x 10-10 sr) at the Cassegrain focus of the 234 cm telescore

of the Wyoming Infrared Observatory. The beams were thrown U"

between centers in declination to insure that the reference bea :

was always on blank sky. Gehrz, Hackwell and Jones (1974) h3%,,

described the Wyoming photometric system.

Our maps, shown in Figures la)-d) reveal the presence of t...,

point-like sources, which we have designated IRS] and IRS2,

embedded in a small cool nebula about 20" in diameter.

A variety if photometric ar..J spectropectometric measureu:ents

made to study the caracteristics of the GL2636 coriplex are

described in Table 1 and Figures 2 and 3. 7:- 1 presents

braodband 1.25 -19. 5i, measurements of the sources ISi, IPS'_' and

a Bl-21a supergiant that lies 15"S +1" and 15" E + I" of >\Sl.

Columns 3, 4, and 5 indicate the photometer, telescope, and

beam size for each measurement.

The 2" resolution 2- 4 1 spectrum shown in Figure 3 and fir,.*

reported by Gosnel1, Hudson and Puetter (1979), wa-, produced n,.

the UM-UCSD InSh system with a 1/'" beam on the UN-ICSD It. L',- n

152 cm infrared telescope. The beam was centered on the GL2h3>

IkS source. Although the beam was quito 1, rg , comparison of teiw

2 snecLruiii with broadband 2. 3 ; and 3. 0. pho tometrv of IR1 s, '-e';'
that Contaoil, fr. ': r .c :s i,, ,, , . cI mpie>. 1

the nebula i;n le, ,  t Ir , . ,'1 tho rr )r (:nc ! 1m' that t ' -

shown in i inosre 3 i ,' rset, tivy of 1'"1
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III. Visual Observation of the B Supergiant

Spectra of the B supergiant associated with AFGL2636 were

taken with the "gold" spectrograph, scanning plateholder and RCA

three-stage image tube on the 4-meter telescope at Kitt Peak National

Observatory. At a dispersion of 79 R/mm absorption lines of

hydrogen and Hel, are seen and two Oil X4320-4350 feature near H,

may be present. The interstellar X4430 feature is strong and there

are no emission lines in the spectrum. On the basis of its spectral

characteristics and by comparison with galactic standards, the

approximate spectral type of the B supergiant is BI-B21.

A red to near-infrared spectrum obtained with the spec-crograph

and extended-red S25 image tube of the O'Brien 30-inch telescope

shows the Paschen series of hydrogen in absorption and weak emission

at H- and [NII] ',>,6548 and 65>3. This emission most likely arises

from the backnround HIl region.

UB',f Dhotor'rtrv (See Table 1) for tni sstc r wa, nbtained usinq

the . ci "cwo ,,tr" photome ter and a RCA Ga-AS 310 4 pho.otube on

t n > i ". 1 ::iter) telescope at KPNO.

S, ',,i ,.,,uct.is ated w h AFGL2536, appears fuzzy

in: -o *nt. . A. Survey blueprint and it aav either be more

by euo

S .t. ,:rv cn be combined with the s pectral ty e

., , ' r, . Jit n r, to the B superqiant. Th o

(rreron;dlrei to a visual extinCt m]

" ,l - ,t is 1v  . -5.1 t- -7.,0 leai n,;

S:
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Hto a distance range of 3.7 to 7.6 kpc. However, this object is

in the direction of the Cygnus spiral feature where reddening is

• high. Very few spiral tracers are observed more than 2 or 3 kpc

from the sun in this direction. Therefore a distance of 7 kpc

seems rather high. It is also possible that the UBVR photometry is

contaminated somewhat by emission from the Nil region so that the

colors are too blue. Thus, the visual extinction is probably

larger than 6 mag and the distance smaller. Consequently, 4 kpc

seems a reasonable upper limit to the distance of AFGL2636. Wendker

(1970) has established a lower limit to the distance to G82.6 + 0.4

of 2 kpc. We assume a distance of GL2636 of 4 kpc in the discussion

that follov:s.
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IV. Position'; of the GL2636 Infrared Sources

Photolietric positions of the infrared sources in the GL2636

compilex were measured using the .Wyoi-ing infrared photometer with

a 4.5" beam on the I-6ycising Infrared T e sZcj>. Errors in these

positions, which are given in Table 2,ace estiisiated to be + 1".

Included in Table 2 are the posit-;o> 3Lb as given by Price

and 'Aalker (1976), the 2695 1"1Hz ccsr>y ource G32.6+0.4 (Wendke,

1970), and the luminous B supergiant lying 15" + 1" south and 15"

+ V" east of GL2636 IRSi.

We conclude on the basis of the error's associated with these

positional measurements that GL2636 is in fact composed of the IRSi-

iRS2 complex and its surrounding nebulae and that G32.6 +0.4 is

associated with GL2636.

Thi-, prosl~impt 1cn is strnn;thened by the fac- that theo i ne-rated

'K llix frmthe nelb-ula shown in fit, re 10A is 222 jy. Price

n a (IJ Ud repoi-t the 20.. flUX fr >, (L21CT1,6 as 360 + 10C jiv.

It is evi dent from the do to presented in Table 1 thait the B super-

ry :-,rt contribu~tes- negjligibly to the 2.3-11),, flux from thle GLCOSO6
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V . Discussion

The new infrared observations suvjgest that the 61-26316 como !e;

may be a region of active star formation si!NilarY in nature to theic

-BrIKL com,,plex in the Orion nebula but embehddod in a mnrP Pytefl~l\/

region of obscuring gas and dust.

Both optical and radio observation, Place GL?636 within the

HII region G82.6 + 0.4 lying at the Northeastern edge of the

Cygnus-X rcgion (see Kleinnmann et al ., 1979). Our coordinates for

IRSI, IRS2, and the B supergiant are, within the observational

errors quoted in Table 2, consistent with the position of G312.i- -0.,

given by Wendker (1970). Wendker (1970) and Terzian and Parrish

(1913) have concluded that G32.6 4- 0.A is a compact HII reqionbse

upon the fact that the 9.5min and 11cmi radio obsorvation are consistrtt11

with thermal bremisstrahlung from an optically thin plasma anid hocaus.

a knot of visible H,. emission is coincident w-ith '-h- radio source

(z.,ee Dickel, Wendker, anid Beintz, 1969).

Wendker (1970) anid Terzian and Parrish (197-3) rnoted that no

early type exciting stars were known to be coi nci denit with or nlear

G82.6 + 0.4 and the other resolved Cygnus-X radio sour'ces.

Wendker suqgested that the Pxci tinq stars might escape detect ~on

if they were inl very youngq liI regions andl therorelo ( stillhid

in the surrounding du-ct. In a'1 i t~i hli tinted tit es

generally hiuih absoprtion v,1lues occur illyns- sace ~

1 umi rious~Kyiesas ro ire deep unii ~ltUde iii ts
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We conclude that the B1-21a superqiant, IRS' , and possibly

- are luninious young stars which are providing the ionizing flux

for the Gi2.6 + 0.4 HI region. Assuming a distance of 4 kpc for

tre scar (see Section Ili), the dereddened energy distribution

;nch..,n in Fasure 2 yields a luminosity of -5 x 104 L . Campbell

(1979j has Measured a flux of 500 jy from GL2636 at 100..

Pr;sumably this data point refers primarily to IRS2 and the surrounding

ne'ulosity and leads to the conclusion that the energy from the

U-6~i36 co'i1ex is radiated primarily at a color temperature of

2). If GL2632 also lies at 4 kpc, it can be

seen from Figure 2 that its luminosity is comparable to that of

the B supergiant (-5 x 104 L). The infrared spectrum of IRSI,

shows evidence of a deep lu silicate absorption feature and is

very similar to that of the BN object in Orion (see Gillett and

Forest, 1973). The cool spectrum of IRS2 is similar to that of the

KL nebula in which BN is embedded. IRSI may well be a luminous

young star that is heating a knot of dust at the position of IRS2

as well as an extended region of low density dust which defines

the GL2636 nebula. In addition there could be an additional

luminous ne;.jly formed star at the position of IRS2.

Presumably the B sopergiant is more evolved and has di ss ipa ted

nuc h of the gas a n d us t from its pro toc 1 oud as have the 0 1 stars

iri Or'ion. The [3.6] [11 .4] color of the su pergi ant is LI .1 11a

,1,nIlest i at Ii tte if any dii7 rema ins around it. The stars

in the 1,126ht nohijli aro more recent]l, formed and, as in the ca~e

f tho 1N ob;,'Lt in Ori1n , are still eI I ,Ided in a dense Cust coc

i tro,; tJ e h -* spr t i'i ot IRSI Shows no evi lv.nce of the Hb O



ice absorption 1line at 3.J5 . that is ob ,arved in th,, 3N objictr

a 3.3;1 emission feature is present. Th is un iden ti f i d f ea ture ha s

been observed in the spectra of objects associated with ionized

gas (see Merrill et al. , 1915). The ice absorption and -33s fedt'u re

may be characteristic of rather limited evolutionary phases and

this subtle difference betwieen the IRS1 and BN spectra i,,ay simply

indicate a difference in age. Alternatively, the 3.3,,- emission could

result from contamination of the IRSi spectrum by the emissioni fror"

the surrounding HII region in the large 17" spectrometer beam.

The 3.3u feature has been observed in the shock front south of

the e0 nebula in M42 (Jones, 1978).

We close with a comment about the rosition of GL2636 within

the Cygnus-X region. As is evident fr m Fjqmmre, I in -liar t

al . (1979), GL2636 and all the other ann "t \ FCG sourc-es 1 10

the Cygnus-X regmion are associated with IWeciken's (11170) resolved

11 cm HII regions which presumably represent local densityv en-

hancements in the interstellar sedium. If the di, t,:co t-o '

is as 1mas 2 kpc, it is close enougjh to hive Leon a ffec ted by

the shock front from Cyln i Supernova 01) the o theo

distance to GL2626,r is as qreat. as 4-6 1Kpc. it will lie on the

nner edge of the Perseus arm. If this is tho, cm",, it rmay be i

region of star fo)rmai~tion that wa11 Lr--1-,orod by th~p~scm ofI

spirail dents ity wavo. Thus , a imore, accurate (leterriinaio~n of t.:',

distance to GL2636 miay 111O low usLo ident .fy the pmrca i pr

wul h tl ocreditsfori:ia tion.
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Notes to Table 1

(1) UM-UCSD InSb photometer (See Gosnell, Hudson and Pueter, 1979

for a description.)

(2) UM multifilter bolometer (See Gallagher and Ney, 1976 for

details).

(3) UW multifilter bolometer (See Gehrz, Hackwell, and Jones, 1974

for details concerning the effective bandpasses and calibration).

(4) UM-UCSD Mt. Lemmon Infrared Observatory 152cm telescope.

(5) Lick Observatory 305cm telescope.

(6) Wyoming Infrared Observatory 234cm telescope.

(7) This supergiant is 15" + S and 15" + l"E of AFGL26,36, IRSI.

L
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Table 11: Po',itionc, of Sourcce, As; oci3ted

With GL 2636

Source 6290) 1 NotesIGL2636 20h4Om 42s+14s +4L)'46'42+90" Price and W.alker 1976

GG2.6 + 0.4 200 40m54s+6  +42'47'00"+ 60" Wendker, 1970

IRSl 2 0h~fm17 7 3 2 +.09s +42 "4 55).81 WyOImifq PhotojlicticI pc' itiuri

IRS-2 ~ 40r46S04+.09s +42 045'58" .O+_" Wyomning Photoviletic Pnoi ion.

B Supargiant 20 h40 48s 68+.09 s +42045'46".3+1" Wyoninc Photome ti c Pou_ :1ior
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Figure Captions

Figure 1: Figures I.-)-d) show isphotal contours of the

infrared radiation from AFGL 2636 at effective wave-

lengths of 3.6!,, 4.9 1, lO,(1 band), and 19.5ij(Q band).

The maps were made using a Wyoming multiffl ter infrared

photometer (see Gehrz, Hackwell, and Jones, 1974) with

a 4.5" diameter beam (3.74 x lO- sr) on the 234 cm
Wyoming infrared Telescope. The beams were thorwn 3

between centers. Contours are in units of 1 0 -c -
-L -!

-I -sr The point like sources IRSI and IRS2

"..t. The ..iL ' ice: Is 2.6 /D in diameter at

19.5.: on the 234cm telescope.

Fig;ure 2: Broadland ahotoinietric i:-i ,surceu snts of the infrared

sources associaited with AFGL 2636. The ;,1iority of the

infrared radiation frn: ,,GL 2636 is seen to be eitte..

at a color temperatur- rf r .'Ii and is mainly associated

witn the source IRI?2. Both IRSl and IRS2 show the IC:.

silicate abso;?,ian feiture and the broadband 1.25.i -20.

.lerqy distribution of IRSI resembles that of the BIl

object in Ori(,n. The 1iuinosity of the Bl-2 1a superclnr,'

1%", ,dn 1"L of IR6 , which has been dereddened usinn

' h ( I:Iro 1q  ' i c),, r,

* t, tohe l u nino-,ity of Lhfe iSI- -.S2 co n1le'.
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Figure 3: Thle 2-4 . 2',, resol ution spectruni of m L26(36 'ddE

by Gosnel 1 et al. (1979) witLh a 17" beam i- shovn C-".'H-Ir

to 2.11~ and 3.61, broadband measurevients of ,[PSi with i

4. 5' beam. The compari son suggeI(sts that the narrow.-

band spectrum refers mainly to IRS] with mi nimal con . ,;i-i-,

from other sources in the vicinity. Merrill et al. 1975

originally discovered the unidentified 3.3: emission

feature in the planetary nebula NOC 7027.



50

I I I [ , I

* +-
+ I *

8 8

* I z



Ct) 0

K 7 0

(0Iw
00

0. 0

z~ 0

z 0

0~0

m 0

* I +0
0~

0)

0 It 0 iif)
0 0 L

'**D
;r'

(O61i.



2 52

(0

+ 0 t

V)~

'r

0

(0g~



4 II*~53

0

0
C~U,

LO
00t

z 0

w
0-

F U)In

COE

0

0
)

0 U 0 0nI

(060



54

.1O

CIC)

0
0

IA 0
< 0

CnD

it IT

Im~ 0
to)

CD E
o 0

0

(0961



5 5

I I
49 100

2 BV RI'I J H 2.3 36j 8171 J H 23 ICC1 1O ! 1 1 11 1 1 I I I 1 1 1
10 0 IRSI, 4 5'r BEAM

* IRS2, 4.5" BEAM

A IRSI, 9"rBEAM
10 -13 x GL2636, CAMPBELL (1979)

+ B SUPERGIANT, HUMPHREYS (1979)

0 B SUPERGIANT, 9 " BEAM

8 B SUPERGIANT DEREDDENED

FOR Av
= 6mag1

"t- 85 0 K
I/ N

-15 8 Supergiant 20,000°K / \

-15

IRSI,

X -~

+, \ I

-18

+ I - Ll __ __ _ __[

03 10 300 10 300 100 300

WAVELENGTH IN MICRONS

Fiur- 2.



71
56

r(D

*cro

E (

-0-i

0?~~ LLUE

C~Cl

iil
LL

00

0OO



F 57

-15
10

AFGL 2636, IRS! -
1 AX

0 8.5 T" BEAM, - =0.02 (11-6-79UT)

A 8.51T" BEAM ( II- 6-79UT)

0 9T BEAM (I0-10-76UT)

1 x 4.5 "n BEAM (8- 4-78UT)

-16

E

100100

- m

7 iq 1 4

u_ -,-,' X, xm.)I,o _F_- - 4.


